Clinical and gross anatomy features of myopathic ducks are reported. Light microscopic examination of the leg muscles showed necrosis, degeneration and inflammation, and some degree of regeneration was also observed. There was infiltration and replacement of muscle fibres with fibrous tissue. Electron microscopy showed the early stages of myofilament dissolution and accumulation of glycogen in the presynaptic terminal of the neuromuscular junction.
Materials and methods
White Pekin ducks (Anas platyrhynchos) were supplied by Lim Chu Kang farm, Singapore. The ages ranged from 1 day to 6 months. The ducks were anaesthetized with chloroform and were perfused through the left ventricle. For light microscopy 6 normal ducks (1 day (2), 1 week (2), 3 months (2)] and 15 myopathic ducks [1 day (3), 1 week (3), 1 month (3), 3 months (3), 6 months (3)] were Received 10 January 1985 . Accepted 4 June 1985 perfused with 10% formalin. After removal of the skin, the legs were disarticulated at the knee and ankle joints and blocks of tissue with the bones were fixed in formalin for 3 to 6 days and decalcified in 1% formic acid for 10 days. A I-em block of tissue was embedded in wax and sections were stained with haematoxylin and eosin (H&E). Spinal cord from the lumbar region, sciatic nerve, and dorsal root ganglion were also stained with H&E and examined under the light microscope. Since the muscles of the calf region showed the most marked changes it was decided to confine the detailed electron microscopic study to the gastrocnemius muscle. For electron microscopy, the perfusion fluid was 2% paraformaldehyde and 3% glutaraldehyde in 0·1 M cacodylate buffer at pH 7·3. 6 myopathic ducks [1 week (2), 1 month (2), 3 months (2)] were perfused, 12 blocks were removed from the inner aspects of the gastrocnemius muscles and each block was then trimmed into 3 small pieces which were further fixed in freshly mixed aldehyde solution for 3 h at 4°C. After overnight rinsing in sucrose buffer, the tissues were post-fixed in 1% osmium tetroxide containing 1·5% potassium ferrocyanide at 4°C for 2 h. The tissues were then dehydrated in ethanol and embedded in Araldite. Semi-thin sections were cut with a Porter-Blum MT2B ultramicrotome and stained with 1% methylene blue in 1% borax. Selected areas of the blocks were trimmed for ultrathin sections which were stained with uranyl acetate and lead citrate and examined with a-Philips 400T electron microscope. 4 ducks [1 month (2), 3 months (2)] served as controls for electron microscopic studies.
Results
The clinical features were obvious during the first week after hatching. During the first 2 days the ducklings showed difficulty in walking. By about the end of the first week some birds had difficulty in standing, had a tendency to fall to one side, and showed considerable difficulty in rising. By about 3 weeks of age they showed contractures of one or both legs (Figs la, 1b, 1c) . Because of their inability to walk they usually confined themselves to the corners of the cages and had to compete with the normal birds for their food. At later stages they became emaciated and moribund. Their life span was shorter than that of normal birds. 
Post-mortem features
Affected birds were lighter and shorter than normal birds in the same age group. The limbs were contracted and deformed. Callous formation and ulceration in the skin of the legs were observed in deformed limbs. Muscle fibres appeared pale and reduced in muscle mass by comparison with normal muscles. Fatty replacement and fibrous tissue were seen in the muscle bundles. Most birds which were moribund showed fluid exudates in the pleural and peritoneal cavities and in a few birds the liver was enlarged.
Light microscopy
The control muscle showed fibres which were polygonal in shape and covered by endomysium. The nuclei were darkly staining and located in the periphery of the fibres and were subsarcolemmal in posItion ( Fig. 2a ). Capillaries were interspersed among the fibres.
The leg muscles from affected animals showed areas of swollen fibres, vacuolation of fibres and degenerative changes. By about 1 week there was infiltration with inflammatory cells and phagocytosis of degenerating myofibres by macrQphages was observed (Fig. 2b ). The inflammatory reaction was seen in patchy areas and there were normal looking muscle fibres among these areas. By about 1 month. muscle fibres of varying diameter were seen. A chronic inflammatory reaction was seen, with the presence of some macrophages. There was an increase in fibrous tissue, mainly collagen, around the degenerating muscle fibres. Fatty replacement of muscle fibres appeared as large vacuoles. There was some degree of regeneration which was evident by the presence of smaller diameter fibres with a central row of nuclei. The severity and extent of the degenerative and inflammatory reactions varied with different muscle groups and with the age of the ducks. Muscle fibres in the periphery of the calf region appeared to be most affected and degenerative changes also increased with age. Blood vessels appeared normal. The spinal cord from the lumbar region of ducks at a very late stage of paralysis, showed degenerative changes in the neurons as evidenced by their dark staining reaction and the absence of cellular detail (Fig. 3a, 3b ). In the sciatic nerve no abnormalities could be detected by light microscopy. Fig. 3a showing the grey matter with anterior horn cells and darkly staining neurones with cellular details obscured, whereas the glial cells show prominent nuclei with well defined nucleoli.
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Electron microscopic observations
Muscle fibres showed varying degrees of degenerative changes, ranging from mild disruption of segments of the fibres to disorganization and dissolution of myofilaments. Disorientation and proliferation of transverse tubules were observed in the early stages ( Fig. 4) and also dilatation of sarcoplasmic reticulum. In certain areas, muscle fibres adjacent to capillaries showed disruption and streaming of the myofilaments confined to a few sarcomeres (Fig. 5) . A large number of vacuoles were seen just beneath the sarcolemma. In some fibres there were large areas of clear space between the sarcolemmal membrane and muscle fibres (Fig.  6 ). Occasionally, in these subsarcolemmal spaces, clumps of glycogen granules or tubular and vesicular membranous aggregates were seen. Large am0unts of collagen fibres were seen associated with the sarcolemmal membrane. Sarcoplasmic masses were also observed just beneath the membrane. Some muscle fibres showed vacuolated and degenerating mitochondria adjacent to normal mitochondria.
Myelin figures, myelin loops, membrane-bound electron-dense bodies and vacuoles with electron-dense membranes were observed among myofibrils (Fig. 7) . Similar structures were also observed in the sub-nuclear region. Pyknotic degener-ating or central nuclei (Fig. 8) were also seen. There was a general increase in the Gopalakrishnakone & Voon amount of collagen fibres surrounding the muscle fibres.
The neuromuscular junctions showed large accumulations of glycogen in the presynaptic terminals ( Fig. 9 ) and in some terminals the glycogen granules completely filled the terminals, pushing the mitochondria and the remaining few synaptic vesicles to the periphery. The distribution pattern of the glycogen varied from terminal to terminal. Some showed glycogen clumped in a few groups, others showed glycogen granules coalescing to form large electron-dense areas, with vacuolation and clear spaces among glycogen clumps. In most terminals, the synaptic vesicle population appeared to be reduced. Myelin figures and disrupted mitochondria were also observed in the presynaptic region. Synaptic gaps appeared normal but there were no, or very minimal presence of, post-synaptic folds (Fig. 9 ).
Discussion
The clinical, gross and light microscopic features of myopathic ducks are in agreement with previous reports (Rigdon, 1966; Rigdon, Drager & Galveston, 1964) . Electron microscopic observation of the dystrophic duck muscle showed changes in the muscle structure and neuromuscular junction, particularly in the transverse tubules, myofilaments, mitochondria and presynaptic terminals. Light and electron microscopic studies of myopathic mice (Banker, 1967; Michelson, Russell & Harman, 1955; Ontell, 1981) , hamsters (Hamburger, Bixon, Eppenberger & Baker, 1966) and chicken (Asmundson, Kratzer & Julian, 1966) have shown that they share many common histological features. These animal models were investigated and compared with human myopathic conditions with a view to finding a suitable animal model to study the basic mechanism involved in muscle degeneration in myopathies (Cullen & Mastaglia, 1980; Mendell, Higgins, Sahenk & Cosmos, 1979) . A myopathic condition in ducks was first observed and reported by Rigdon, Drager & Galveston (1964) , and Rigdon (1966) , who described mainly the light microscopic features and compared them with those in human myopathies. They concluded that the histological changes in the striated muscle of man were similar to those occurring spontaneously in a strain of white Pekin ducks except that the human muscle showed more fibrous tissue and fatty degeneration than the muscles of the duck and in both species the muscle degeneration was a progressive one. The electron microscopic features of the muscle pathology observed in the present study in ducks are of interest in relation to similar observations made in human myopathic conditions. Disorientation and proliferation of T-tubules (Schutt a & Armitage, 1969) and Z line thickening and the formation of rods (Engel & Gomez, 1967) are similar to those in human myopathies. Degeneration of a segment of muscle fibres described as 'segmental necrosis' is a common feature in many myopathic conditions (Cullen & Mastaglia, 1980) , as are the disintegration and disorientation of myofilaments. Myelin figures and membrane-bound electron-dense bodies are mainly due to the degeneration of mitochondria which have been acted upon by Iysosomes (Baxter & Sueiter, 1983) . Abnormality and disintegration of the Z discs are known to be the early stages of degeneration before the disorganization of myofilaments and have been observed in many conditions, both congenital and induced (Banker, 1967) . A local area of disorganization of the Z disc, disorientation of myofilaments and degeneration as observed in the present study have also been observed in ischaemic'muscle (Stenger, Spiro, Scully & Shannon, 1962) .
Following the report of muscular dystrophy in the chicken (Asmundson & Julian, 1956 ) many studies have been made and several breeding lines have been developed. They showed general features which included myonecrosis, vacuolation, muscle fibre splitting, fibrosis and fatty infiltration (Rigdon, 1966; Gopalakrishnakone & Voon, 1983; Gopalakrishnakone, 1984) . Focal areas of myo-fibrillar disintegration and disarray, and vacuolar. elaboration of the T system have been observed in chickens (see review by Cullen & Mastaglia, 1980) as in the present study. The changes observed in the neuro-muscular junctions, such as accumulation of glycogen, decreased number of synaptic vesicles and mitochondrial changes are indicative of degenerative changes. Similar observations have been reported in the axoplasm of the peripheral nerves at preovoid stages of Wallerian degeneration (Zelena, 1980) . The mechanism of myofibrillar breakdown and the various stages of myodegeneration have not been fully explained. Mouse and chicken myopathies have been studied extensively, by use of morphological, biochemical, physiological and immunological techniques (see review by Mendell et al., 1979) . Regarding the aetiology and pathogenesis of muscular dystrophy, many hypotheses have been
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& Voon put forward (Jerusalem, 1976; Sweeny & Brown, 1981) . Although different groups of workers have documented morphological and biochemical evidence to support their views using mouse, chicken or human myopathic muscle, none has been conclusive, thus the need for more animal models and studies. The duck myopathy reported in this study might usefully be further investigated.
